Abstract
Introduction
The "Internet of Things" (IOT) is a network of billions or trillions of machines communicating with one another [1] . The IOT is currently a very popular subject. It receives lots of attention from various regions of the world and from diverse research communities. Radio frequency identification (RFID) is a small tag containing an integrated circuit chip and an antenna, and has the ability to respond to radio waves transmitted from the RFID reader in order to send, process, and store information [2] . RFID technology is a key enabler of the future IOT and it has a great economical potential. Currently, RFID is used in many RFID application fields, such as logistical tracking, production monitoring and maintenance, product safety and quality control, access control and tracking & tracing of individuals, mobile payment, eHealth care, public services, and so on [3] [4] [5] [6] . An RFID system usually consists of the following components: tags/transponders, tag readers, application software. In a typical RFID system, individual objects are equipped with a small, inexpensive tag. The tag contains a transponder with a digital memory chip that is given a unique electronic product code. The interrogator, an antenna packaged with a transceiver and decoder, emits a signal activating the RFID tag so it can read and write data to it. When an RFID tag passes through the electromagnetic zone, it detects the reader's activation signal. The reader decodes the data encoded in the tag's integrated circuit (silicon chip) and the data is passed to the host computer. The application software on the host processes the data, and may perform various filtering operations to reduce the numerous often redundant reads of the same tag to a smaller and more useful data set.
Peer-to-Peer (P2P) overlay network is distributed system in nature, without any hierarchical organization or centralized control [7] , and is a technology which enables any network-aware device to provide services to another network-aware device. A peer in P2P network acts as both a client and a server in traditional client/server architecture. P2P technology have been attracting more and more attention in recent years due to the fast advances in file sharing, video streaming transmission, content delivery, distributed computing. P2P Architecture is becoming one of the most popular service architectures in today's Internet. In a P2P network, nodes undertake the role of both client and server. This is in contrast with the client-server architecture, where client and server roles are separate. There are a variety of P2P protocols and systems have emerged. Existed P2P network can be grouped into the following three basic categories: (1) Pure: Pure P2P networks are those that have absolutely no centralized facilities. An example of such a P2P architecture is the original Gnutella network [8] , in which all peers acted as both a server and a client. (2) Hybrid: Hybrid peer-to-peer networks incorporate some centralization into their architecture. For example, Napster [9] uses a centralized server for searching for files. Once a file is located, peers connect to each other directly to perform the transfer. (3) Partially Centralized: Kazaa [10] (which uses the FastTrack [11] protocol) is an example of a peer-to-peer network, which uses some centralization to improve scalability by having peers with more processing power and bandwidth act as a proxy for slower peers to the network, handling some messages on their behalf.
The remainder of this paper is structured as follows. Section 2 describes related work. Section 3 presents our proposed RFID reader system architecture based on P2P network. Section 4 analysis the advantages of the proposed system architecture. Finally, concluding remarks and ideas for future work end this paper in Section 5.
Related Work
Many research efforts were done to RFID system in recent years. A typical RFID system consists of tags and readers, application software, computing hardware, and middleware [12] . Ahn et al [13] design an RFID middleware system, which has a three-tier structure consisting of reader interface, event manager, and application interface. And the system provides a various heterogeneous reader adapter. The system showed a stable performance in processing thousands of filtering and tag data, and was able to process the bulk tag data read from heterogeneous readers in real time. With using the P2P and Distributed Hash table (DHT) principles, Schmidt et al [14] have provide mechanisms that solve the problem of Application Level Events (ALE) overload (e.g. by distributing readers among them) while keeping transparency for business applications. Angerer in [15] presents digital receiver architecture for an RFID reader and the details of the implementation of the digital receiver architecture on an FPGA are introduced. This paper research is related to some previous works in the context of using P2P network in RFID system. Zhou et al in [16] present a reader collision model based on collaborative P2P network, which is named as Interconnected RFID reader collision model (IRCD) for readers to exchange information without any central server. In [17] , they introduce a P2P model to identify and remove inaccurate reading of RFID data by utilizing the information exchanged among related nodes along the business processing route of each RFID tagged item. Decker et al in [18] present a system using a P2P network for resolving associations of RFID tagged objects to their virtual presence. Shrestha et al in [19] present a P2P RFID resolution framework for supply chain network, where each participant of supply chain is a node in the P2P network. The novelty we suggest is the new RFID reader device via the P2P-based framework to extend the reading range of RFID applications and services. The next section will describe the proposed system's architecture depicting all the entities and working process.
Proposed RFID Reader System Framework
In this paper, a new architecture for RFID reader system is proposed. The presented architecture is based on P2P network structure, as is shown in Figure 1 . An RFID reader with using P2P network architecture acts as both a client reader and a server reader. The general components of P2P Based RFID Reader System (PPBRRS) are composed of three main parts: Server Reader, Client Reader, and Tag. their data, Passive tags can cost less than a quarter and be read up to approximately 10 feet from the reader's antenna. "Active" tags have a battery that can transmit up to 300 feet indoors and more than a thousand feet outdoors. Used for tracking trailers in yards and containers on the loading dock, active tags cost several dollars and may periodically transmit a signal for readers to pick up or may lie dormant until they sense the reader's signal. 4)
Figure 1. PPBRRS: Peer-to-Peer Based RFID Reader System Framework
The working mechanism of PPBRRS is as follows: 1) While the application system needs to know the tags information, the RFID Reader will work as SR mode, and SR will transmit a modulated electromagnetism signal, and this signal has carried the command information of SR needing read tags.
2) Then the other RFID Reader will receive a reader tag command, and this RFID Reader will work as CR mode. CR is activated by the electromagnetism signal of SR, demodulates from the SR tags signal command information, then transmits an electromagnetism signal to read tags information.
3) If the passive tag absorption from the energy of CR electromagnetism signal, through the reflection electromagnetic wave transmits to CR according to the tag identification number which is saved in tags memory. If active tag receives the reader order, it will transmit the tag identification number to CR by the scattering way. 4) CR collects and saves tags information. After reading all tags, CR seals up a grouping information of all tags, and sends out the electromagnetic wave to SR through the scattering way with exchanging tags information.
The above work flow of PPBRRS may also work as the following process: 1)CR scans all tags information ahead of time and saves all tags information; 2)When SR needs the data, SR read the data from CR.
Tags Frame Encapsulation
The original tag frame architecture is shown in Figure 2 . It includes: Tag_head, Tag_ID and Tag_Data. When the SR needs to read tag information, the tags frame of CR is encapsulated as shown in Figure 3 . The encapsulated frame includes one encapsulated Tag_head and many Tag_ID+Tag_Data. Tag_head  Tag  ID 1   Tag  Data 1  Tag_head  Tag  ID 2   Tag  Data 2  Tag_head  Tag  ID The internal structure of the new RFID reader is shown in Figure 4 . The key components of the new RFID reader including an application-specific integrated circuit (ASIC), memory chip (RAM and ROM), electrical power supply, with radio frequency (RF) interface. ASIC chip is crucial for proper performance control [20] . ASIC controls the entire RFID reader's work process, when RFID reader works as CR mode, CR will receive from the SR's signal, then CR scans the tags, saves and seals up tag's identification number and so on. It is different with the traditional RFID reader, the new RFID reader has two RF interfaces, which one is connected with SR, and the other one is oriented to read data from tags.
Analysis Advantages of Proposed PPBRRS System

Extend the reading distance
The reading distance range of the traditional RFID is very small because the distance is limited between the tag and the reader. In our proposed architecture, CR relays the data between the SR and the tag. Because CR has the power supply, the distance between CR and SR can be very big, and is much bigger than the distance between traditional RFID reader and tag. Supposition D is the distance between CR and SR, the proposed PPBRRS can improve the reading distance by D. If there are n Client Reader in the system, the enlarge distance will be nD. The comparison of PPBRRS and traditional RFID reader system is shown in Figure 5 . 
Improved the speed for reading multi-tags and decrease the reading collision
The binary search algorithm is used to coordinate the transmissions from multiple tags to one reader [21] . In the binary search algorithm, all tags transmit synchronously. The binary search algorithm (BSA) divides the tags involved in the collision to two sets, and only allows one set to transmit in subsequent time. If the transmitting set still incurs collision, the algorithm splits the set again until collision does not occur. After all tags in the transmitting set have their ID information received successfully, the other set resumes to transmit.
We assume the RFID system includes one SR, M CRs, and N tags. Each tag has a unique unknown ID. The reading time value of BSA in traditional RFID reader system is calculated as (1) , where L(T) is the reading time value of BSA.
In order to compare the reading time of L(T) and L(P), we set M = 10, N  {100, 200, 400, 800, 1600}. The results are shown in Table 1 . From the table we can see when SR read massive tags, the read speed time of PPBRRS decreased greatly. If tag quantity is very big, the read speed time is decreased more. Therefore, we can get a deduction that the new RFID reader can improve the speed for reading multi-tags and decrease the reading collision. 
Conclusion
In this paper we propose a novel RFID reader system architecture based on P2P network. The architecture has the following advantages:1) extend the reading range; 2) decrease the reading collision; and 3) improve the reading speed. However, the proposed system adds the communication complex comparing with the traditional RFID reader system. We need to develop a new reader protocol for RFID reader software, and the security of P2P network used in RFID system also need to be studied in future work.
